South Africa's water resources are limited and unevenly distributed. To overcome the uneven spread of water resources and to manage floods and drought, more than two thirds of the country's mean annual rainfall is currently stored in dams. The paper reviews the current water storage capacity of the country at national and provincial levels. Data from a list of registered dams in the country were used to analyse the water storage capacity of the country. Water storage capacity is highest in Free State Province and lowest in Gauteng Province. The results also show that, while it is clear that the country has invested a lot in developing water storage infrastructure, there is potential for the development of additional infrastructure. However, since most of the major rivers are transboundary, the country needs to develop additional storage with full consideration of its ecological requirements and international obligations.
Introduction
South Africa is a water scarce country with extreme climate, rainfall fluctuations and unevenly distributed water resources. The country has an annual mean runoff value of 40 mm, one seventh of the global average of 260 mm, and rainfall and river flow are variable, erratic and seasonal [1] . The country is semi-arid with rainfall varying from less than 100 mm per annum in the west to over 1500 mm per annum in the east. Average rainfall is 450 mm per annum, which is well below the world average of 860 mm per annum. Climate change predictions are for a drier western half of the country and for far more variability, with more extreme events, to the east [2] . The country's water usage comprises 77% surface
Water Availability

Surface Water
The available water yield from the main sources in the 19 Water Management Areas in 2004 as reported by the Department of Water Affairs and Forestry [4] is presented in Table 1 . The table shows the relevant contributions of different components (surface water, groundwater and return flows) to the available yield in each of the water management areas. The available yield for surface water in 2004 was determined to be in the order of 10,240 million cubic metres per annum (Mm 3 /a), which was 77.4% of the country's total yield. In South Africa, substantial volumes of water are returned to streams after use, and are then available for re-use, provided that the quality of the return flows satisfies the relevant user requirements. As showed in Table 1 , the total usable return flows in 2004 were close to double the yield from groundwater.
Large-scale inter-basin transfers of water between catchments are a further characteristic of the South African water situation. These transfers are necessary to supplement water to metropolitan areas which are located far away from major water courses.The negative yields from surface water in the Middle Vaal, Lower Vaal and Lower Orange water management areas reflect that evaporation and seepage losses exceed the yield contributed by local runoff in these areas.
In South Africa, the growing economy and social development are giving rise to growing demands for water. Water plays a central role in most of these national planning initiatives, such as agricultural development, energy security, tourism and recreation, mining, industry and municipal water supply. The country's growing population and industrial growth exert a lot of pressure on the limited available water resources in the country. Renewable internal freshwater resources per capita (cubic metres) in South Africa was 942.7 in the period 2013-2017, according to FAO AQUASTAT Main Database [5] . This puts the country in the water stressed category as its water availability is below the water stress line of 1000 m Journal of Water Resource and Protection 
Groundwater Resources
Groundwater is the primary source of reliable, safe drinking water supplies in rural areas and for many towns in South Africa; for the irrigation of thousands of hectares of valuable arable land around the country; and for supporting large numbers of livestock and game [6] . Manymines and industries also rely on groundwater for their supplies. The total volume of available, renewable South Africa's surface water resources is approximately 12,000 million m³/a, but more than 80% of this is already allocated.
In South Africa, groundwater resources are also replenished by artificial recharge, the process whereby surplus surface water is transferred underground to be stored in an aquifer for later abstraction and use. The most common recharge methods used involve injecting water into boreholes (injection wells) and transferring water into spreading basins where it infiltrates the soil subsurface and percolates down into the groundwater [6] . Unlike surface storage, underground water storage is efficient in that the reserves are not vulnerable to evaporation losses and are relatively safe from contamination.
Shared Water Systems
Most fresh water resources in sub-Saharan Africa are located in transboundary watercourse systems and shared river basins. Management and protection of these shared basins is required through a strong commitment to regional collaboration within the Southern African Development Community (SADC). Over Courses; has an obligation to fulfil its commitments through cooperation with its neighbours in the management of international waters in the interest of regional economic integration, peace and security [6] . South Africa shares four major river systems with six neighbouring countries:
• Orange/Senqu system shared with Lesotho, Botswana and Namibia;
• Limpopo system shared with Botswana, Zimbabwe and Mozambique;
• Inkomati system shared with Swaziland and Mozambique; and
• Usuthu/Pongola-Maputo system shared with Mozambique and Swaziland.
This requires South Africa to have long-term cooperative arrangements with its neighbours to avoid water availability being a constraint on future growth.
Approximately 60% of the streamflow in rivers in or on the borders of South Africa is shared through transboundary water systems [6] . South Africa occupies the largest part of each of the transboundary river basins it shares with its neighbours ( Table 2) . 
Water Usage in South Africa
Irrigated agriculture is the largest single user of water in South Africa, at 60% of total demand ( Figure 2 ). Domestic demand accounts for 29% in total: 24% for urban areas and 5% for rural supply.
In the year 2004, national irrigation water usage was 62% while irrigation usage in 10 of the 19 Water Management Areas exceeded 70% (Table 3 ).
Impact of Climate Change on Water Resources
Climate change is predicted to impact on the level and variability of Africa's rainfall according to the Intergovernmental Panel on Climate Change (IPCC) [12] . Climate change has the potential to make a significant impact on both the availability of and requirements for water in South Africa. The 2003 South African study on water resource management and climate change [13] indicates that climate change is expected to alter hydrological systems and water resources in southern Africa and reduce the availability of water. Rising temperatures and increasing variability of rainfall will generally affect surface waters, increasing drought in some regions and causing floods in others, as well as influencing groundwater recharge. There is likely to be a general decrease of 5% -10% of present rainfall, with longer dry spells in the interior and north-eastern areas of the country coupled with more frequent and severe flood events [13] . The probable effect is greater evapotranspiration and more stress on arid and marginal zones.
Current climate change prediction scenarios indicate that the net effect of climate change for South Africa will be a reduction of water availability, although impacts will be unevenly distributed, with the eastern coastal areas of the country becoming wetter [6] . In the interior and the western parts of the country, climate change is likely to lead to more intense and prolonged periods of drought with reduced stream flows [14] . In general, climate change will probably lead to weather events that are more intense and variable, such as sudden high volumes of rainfall, leading to flooding [2] . Even small changes in rainfall can lead to disproportionately large changes in water resources. For example, from the study of Mukheibir [15] in the Western Cape it was estimated that an 8% reduction in rainfall results in a 36% reduction in groundwater recharge and a 30% reduction in surface runoff. Surface and groundwater, conjunctively managed, are at the centre of climate adaptation strategies, and improved and expanded water storage capacities create buffers for periods of water shortages [16] [17].
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Water Storage Infrastructure
Investment in Water Infrastructure
The lack of storage infrastructure has major negative social and economic impacts, particularly in a drought-prone region where insufficient water is stored to see countries through multiyear droughts [18] . Water storage facilitates the provision of water for domestic and industrial use; irrigation for sustainable agriculture; generation of hydroelectricity; the creation of infrastructure and employment; the improvement of the accessibility of the regions where the big dams are constructed; the promotion of eco-tourism through fishing, canoeing and sight-seeing; and enables the sale of water to thirsty regions and communities within and outside the national boundaries, all of which are a big boost to local and national government revenues and incomes [10] .
The Government of South Africa, through Department of Water Sanitation, has continuously increased its investment in the development of bulk raw water and water services infrastructure ( Figure 3 ). As indicated in Figure 3 , the expenditure on water infrastructure development is estimated to increase from 
Major Dams in South Africa
In order to overcome the uneven spread of water resources and to manage floods and drought which the country experiences, South African government has invested a lot of money in the construction of dams that currently store more than two thirds of the country's mean annual rainfall [19] . Based on the 2016 database on dams, the country has more than 5000 registered dams spread across all nine provinces, which include those owned by the Department of Wa- 
Water Storage Capacity
Water Storage Capacity at National Level
Improved water resource management and water storage capacity make the E. Mwendera, Y. Atyosi Journal of Water Resource and Protection economy more resilient to external shocks, such as rainfall variability anddrought, and thus provide a stable and sustainable base for increased food and industrial productivity and production to maintain economic growth and development [23] . South Africa has developed a vast amount of water storage infrastructure, which still needs to be increased in order to improve the water storage capacity ( Figure 5 ). Apart from investment in water storage infrastructure, the DWS supports a national water harvesting programme (rainwater and fog harvesting), which, at present, has a narrow but important focus on the provision of above-and below-ground water storage tanks for rural households and other institutions such as clinics, schools and hospitals [6] . The harvested water is often used for irrigation of food gardens to improve food sufficiency and for other productive water uses, and for domestic purposes where communities do not have a reliable source of potable water.
Water Storage Capacity at Provincial Level
At provincial level, the Free State has the largest storage capacity, followed by KwaZulu-Natal, while Gauteng has the lowest storage volume ( Figure 6 ). Figure  7 presents the water storage capacities per person in all nine provinces. The results show that the Free State has the highest storage capacity with Gauteng the lowest. Free State Province has 160 times more storage capacity per person than Gauteng Province.
Water Storage for Climate Change Adaptation
Water storage (in all its forms) has a key role to play for both sustainable development and adaptation to climate change. By providing a buffer, water storage reduces risk and offsets some of the potential negative impacts of climate change, thereby reducing the vulnerability of people [25] . Water storage can enhance both water security and agricultural productivity (Figure 8 ).
The South African government has developed a water sector response that spells out climate change adaptation strategies based on risk and vulnerability reduction, in collaboration with sector stakeholders and neighbouring riparian countries, and seeks to share resources, technology and learning to coordinate a regional response [24] . The underlying principles are to build resilience and reduce vulnerability to the water related impacts of climate change. Strategic actions focus on infrastructure development, which includes [24] : • Multi-purpose water storage;
• Water supply and sanitation;
• Groundwater development;
• Alternative water supply sources;
• Flood protection measures;
• Infrastructure safety; and
• Hydro-geo-meteorological monitoring system.
Water Storage for Multiple Uses
Large intra-year variability and multi-year droughts characterise South Africa's catchment hydrology; therefore, considerable storage capacity is required to ensure reliable water supply during seasonal and multi-year deficient flow periods [2] . The purpose of water storage includes: water supply for household use, industry, livestock and irrigation; hydropower generation; buffering against floodwaters and protection against droughts; artisanal and commercial fisheries and aquaculture; transportation; sites for recessional cropping and grazing; sinks for pollutants, including sewage and inflowing sediments; tourism based on biodiversity, scenery or sporting activities; cultural and religious uses; and sites for biological diversification [26] . A significant challenge in water resource planning is to ensure a smooth integration of the provision of water supplies for domestic use and water for other purposes leading to economic production, particularly in rural areas. Water for domestic supplies in rural areas is used for various household purposes such as cooking, washing, food gardens, stock watering and small businesses. If water is provided mainly for irrigation, it can also be used for domestic purposes, and if water is provided for domestic purposes, it will be used for other purposes too. In South Africa, water is stored for multiple uses, which include: irrigation for food production; fisheries; energy production; industrial water supply; mining; drinking water and sanitation; stock water; flood management and drought mitigation; recreation; pollution control; game watering; and environmental services (Figure 9 ). At national level, much of water is stored for irrigation, municipal and industrial use, domestic use and hydropower generation.
One of the government's strategies in water infrastructure development is to ensure that water storage infrastructure, particularly major storage dams, is developed for multi-stakeholder use, including social and economic uses, and to Journal of Water Resource and Protection ensure that poor communities in the vicinity of state-owned infrastructure benefit from it [6] .
The main purpose of provincial water storage is irrigation, industrial, municipal and domestic use (Figures 18-20) . In the Eastern Cape, water storage is mainly for industrial, irrigation, municipal, and domestic use, as well as flood control (Figure 10 ). In the Free State, water is stored mainly for irrigation, hydropower generation, municipal, industrial and domestic use (Figure 11 ). In the Western Cape the main uses are irrigation, municipal, domestic and industrial (Figure 12 ), but some water storage is for flood control and hydropower generation. The main purpose of water storage in the Northern Cape is irrigation, municipal and domestic use (Figure 13 ), but there is a substantial amount of storage registered without specifying its purpose.
In Kwa Zulu-Natal, the main purpose of water storage is for irrigation, municipal, industrial and domestic use (Figure 14) . In Mpumalanga, storage is mainly for municipal, industrial and irrigation use, followed by mining and domestic use, hydropower generation and pollution control ( Figure 15 ). In Limpopo, flood control, municipal and industrial use, irrigation and domestic use, followed by pollution control and mining are the main reasons for water storage ( Figure 16 ). In North West, irrigation is the main purpose of water storage, followed by municipal and industrial use (Figure 17 ). Finally, in Gauteng, water storage is mainly for irrigation, municipal and industrial use, as well as flood control, followed by pollution and domestic use (Figure 18 ).
In some provinces the purpose of water storage also includes stock watering, recreation, fisheries, game and conservation use.
Water Storage by Dam Size
An assessment of the size of dams in South Africa shows that 82% of water is 
Conclusions
Economic Benefits of Water Storage
Water storage capacity per person is often cited as a proxy to water security and a measure of large-and small-scale water infrastructure development [27] . Well planned and efficiently managed water storage infrastructure is important for the provision of a safe and secure water supply to households, agriculture and clear not only for the economy but for sustainable development as well. Electricity supply that allows for heating, cooking and illumination is not only a great boon to the activities of daily life, but is also a critical input to agriculture and a host of small-scale production activities that are a significant component of rural and urban economies.
Stored water is essential to all aspects of life. It sustains families and communities. It also supports economic productivity, from semiconductor manufacturing, to agriculture, to hotels and restaurants. Indeed, virtually all sectors of the economy rely on water. 
Potential to Develop Additional Storage
The need for water storage to support socio-economic development in South Africa cannot be overemphasised. Indeed, the National Water Resource Strategy makes provision for investment in water infrastructure to support economic development through a strategy for infrastructure development and management and the National Water Sector Investment Framework [6] . The government uses water infrastructure development, operation and maintenance as a vehicle for job creation and for supporting equitable socio-economic development.
While it is clear that the country has invested a lot in developing water storage infrastructure, there is potential for the development of additional infrastructure. For example, there is potentially more water available in the Orange River system which could be harnessed through construction of additional storage infrastructure. In the Crocodile River catchment, the existing dams cannot capture and control all potentially available water, so in theory there is some potential for additional storage. There is also potential for additional storage in the Groot Letaba River catchment area. The DWS [6] has reported that, in the Kwa Zulu-Natal Water Management Area, there are more opportunities for the development of storage infrastructure than in most other WMAs. It is apparent that South Africa has the potential to increase its water storage capacity. However, since most of the major rivers are transboundary, the country needs to develop additional storage with full consideration of its ecological Total stored volume, Mm 3 
